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304a Monday, February 9, 2015and performed skinned indirect flight muscle (IFM) fiber mechanics to measure
power, force and muscle kinetics. The R146N and R249Q mutant fibers signif-
icantly (p<0.05) decreased power generation by 45% and 67%, respectively,
from control fibers. The decrease in power by R146N resulted from a decrease
in force generation because isometric tension and work production decreased,
47% and 42%, respectively, proportional to power reduction. R249Q fibers pro-
duced less power because both force and muscle speed decreased. Isometric
tension decreased by 37% and the frequency at which maximum power gener-
ation occurred was 20% lower. Muscle mechanics were performed on mutant
and control fibers from two-hour-old Drosophila, prior to degradation of
myofilament structure, which started at two-days-old and increased with age.
Electron microscopy showed that degradation was more pronounced in the
R146N line. Decreased power output from the fibers caused a 60% decrease
in two-day-old Drosophila flight ability for both lines. Molecular modeling
suggests R249Q could be interfering with communication between the nucleo-
tide and thin filament binding sites, while R146N may alter the N-terminal do-
main’s interactions with the lever arm. Overall, our results contradict the
increased contractility HCM hypothesis and instead suggest ventricular hyper-
trophy is a compensatory response to a decrease in heart muscle power gener-
ating ability. Supported by NIH grants R01 AR055611 to D.M.S. and R01
GM322433 to S.I.B.
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Inclusion body myopathy type 3 (IBM-3) is a progressive dominant disease
affecting fast skeletal muscle. It results from a point mutation in the SH1 helix
of the myosin motor. Previously, we showed that homozygous expression of the
analogousmutation in Drosophila indirect flightmuscle (IFM) results in a flight-
less phenotype, severe abnormalities in myofibril structure, dramatically
reducedATPase and in vitromotility, increasedmyosin aggregation and produc-
tion of autophagic andmembranous inclusions (Wang et al., 2012,Mol Biol Cell
23:2057-65). We have now examined the dominant effects of the IBM-3 muta-
tion in our model. Mutant and wild-type proteins accumulate in equimolar
amounts in heterozygotes, since ATPase and in vitro motility levels display in-
termediate values. Heterozygotes show progressive defects in IFM function that
are less severe than in homozygotes, correlating with deficits in fiber mechanics
(Corcione et al., 2010, Biophys. J. 98: 544a). Surprisingly, we detect no defects
in muscle morphology in heterozygotes. While increasing the mutant:wild-type
gene dosage to 2:1 further compromises muscle function and produces minor
myofibrillar defects in aged flies, no inclusion bodies are observed. We exam-
ined the accumulation of Ref(2)P, a polyubiquitin-binding protein that is
commonly associated with protein aggregates, and found a dramatic upregula-
tion only in the IBM-3 homozygotes.We defined themakeup of these aggregates
by proteomic analysis and found alterations in proteins associated with mito-
chondrial function and the unfolded protein response. We plan to manipulate
expression levels of such proteins in an attempt to improve mutant phenotypes.
Supported by MDA grant 217900. We appreciate the assistance of Robert N.
Cole and Robert O’Meally, JHU Mass Spectrometry and Proteomics Facility.
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Freeman-Sheldon Syndrome (FSS) is a rare genetic disorder characterized pri-
marily by multiple congenital contractures of facial muscles and distal joints,
craniofacial abnormalities among other phenotypes. Mutations in embryonic
skeletal myosin (MYH3) are the only known cause of FSS, and the vast major-
ity of patients have one of three mutations: R672C, R672H, and T178I. The
goal of this study was to determine the functional effects of these FSS- causing
mutations on the human embryonic myosin motor domain. Preliminary data
show a 10-fold reduction in ATP binding for both S1 (k2þ) and actin-S1
(k02þ) for the R672C mutation. ADP affinity appears unaffected for this
mutant. In the case of R672H, measurements of ATP binding were difficult
because there was such a small change in tryptophan fluorescence (1.5%compared to 7-8% for Emb-WT). There was a 30 fold reduction in ATP binding
to S1. Taken together with the reduction in tryptophan fluorescence change, we
speculate a disruption in the conformational change in the recovery stroke.
However when measured in the presence of actin we see values similar to
Emb-WT. Interestingly, the affinity of ADP for actin-S1 is >3 fold tighter in
this mutant with the rate constant for ADP release being reduced >3 fold.
The affinity for actin is ~20 fold weaker in the rigor complex and 10 fold tighter
in the presence of ADP. For the T178I mutant which in the myosin structure
forms a hydrogen bond with the R672 residue, we expect a similar effect in
nucleotide binding. Our preliminary data shows a 5 fold reduction in ATP bind-
ing to S1 and 3 fold to actin-S1. When comparing to Emb-WT, the functional
characteristics of these mutants are severely disrupted specifically in ATP in-
duction of cross-bridges, which can explain the disease phenotype.
Cell Mechanics, Mechanosensing, and Motility II
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Stochastic simulations in mechanobiology generally use rate constants from an
effective one-dimensional Kramers problem in the high friction regime. This
assumes that the dynamics along one coordinate (generally the mechanical co-
ordinate) are much faster compared to the dynamics along the other coordinate.
Here, we investigate systems with comparable dynamics along the mechanical
and chemical coordinates, in search of a better mechanochemical simulation
method for a system governed by a potential in more than one dimension.
We simulate test systems to compare our method and the existing simulation
methods to a numerically exact solution of the multidimensional Fokker-
Planck equation with bi-stable potential. We also study effects of introducing
an external force and changing the friction anisotropy in the system on the
rate constants.
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Cells are capable of sensing mechanical rigidity of surrounding environments.
For example, cells have a tendency to produce higher levels of forces within
more rigid extracellular matrices (ECMs). The mechano-sensing behaviors of
cells are often accompanied by drastic reorganization of intracellular structures.
It has been suggested that actin cytoskeleton, the scaffolding structure of eu-
karyotic cells mainly comprising F-actins, cross-linkers, and myosin motors,
is involved with the mechano-sensing. The contractile force generated by the
myosin motors is known to be sensitive to external mechanical environments,
implying that the actomyosin contractility plays a significant role in the cell
mechano-sensing. However, how microscopic properties of F-actins, cross-
linkers, and myosins and their local interactions induce the macroscopic
mechano-sensing behaviors of cells remains elusive. To elucidate the molecu-
lar mechanism, we developed an agent-based computational model of a three-
dimensional cell-like structure where a thin actomyosin cortex beneath a mem-
brane can be adhered to the ECM via focal adhesions. Our model accounts for
several key features neglected by previous studies despite their potential signif-
icances for the mechano-sensing. Using the model, we evaluated time evolution
of forces and ECM deformation generated by the cell-like structure. Both of the
force and deformation increase over time, reaching a steady state. With softer
ECM, the steady-state force is proportional to rigidity of the ECM but becomes
insensitive to a change in the rigidity above a critical level of ECM rigidity,
which is consistent with experiments. We elucidated the molecular mecha-
nisms for the biphasic dependence on rigidity and overall mechano-sensing pat-
terns based on the actomyosin contractility. We also systematically studied
effects of the ECM rigidity on structural reorganization of actomyosin cortex.
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The mechanical respons of the micro environment of a cell is of great influence
for its differentiation and mobility. However, the mechanism that a cell uses to
sense these mechanical properties remains largely unkown. Mechanosensing
could happen by direct coupling to the nucleus via the actin cytoskeleton or
by activating molecular signaling cascades through protein complexes.
Monday, February 9, 2015 305aA recent combination of traction force microscopy with super resolution imag-
ing allowed for novel research into the nanoscale architecture of force-bearing
focal adhesions. Here we apply this technique to investigate the relation be-
tween local force exertion by the cell and the number of signal transduction
proteins inside the integrin adhesome.
Integrin adhesomes are mechanosensory protein complexes that couple the in-
tracelular force bearing actomyosin structures to the extracelular environment.
These complexes contain signal transduction proteins like paxillin, vinculin, ta-
lin and FAK, that change conformation when force is exerted on the complex.
By immunostaining these proteins with Alexa647 their position can be localized
to 20nminfixedcells.However, due to the photophysical properties ofAlexa647,
and the binding stoichiometry in antibody staining the number of localizations
does not scale linearly with the number of signal transduction proteins. To over-
come this problem we present a novel analysis method to relate the number of
localizations to the minimal number of signal transduction proteins.
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Although pulling forces have been observed in axonal growth for several de-
cades, their exact roles are not fully understood. Here, we quantified retrograde
traction forces in neuronal growth cones as they develop over time in response to
an adhesion substrate using two different experimental approaches. In the first
approach, we used force-calibrated glass microneedles coated with ligands for
the Aplysia cell adhesionmolecule apCAM to guide the advance of Aplysia Cal-
ifornica growth cones. The traction force exerted by the growth cone was
measuredbymonitoring themicroneedle deflection using an opticalmicroscope.
In the second approach, we developed a novel method for measuring traction
forces using an atomic forcemicroscope (AFM)with a static cantilever that con-
tained a ligand-coated microbead and was monitored in real time. Both ap-
proaches showed that Aplysia growth cones can develop maximum traction
forces up to 100 nN, which is an order of magnitude higher than previously re-
ported for other experimental methods or growth cones. Moreover, our results
suggest that the traction force is directly correlated to the stiffness of the micro-
needle, which is consistent with a reinforcement mechanism supported by other
research. Contrary to our expectation, the level of force does not predict whether
the growth cone will advance towards the adhesion site or not, but the level of
microneedle deflection does. In cases of adhesion-mediated growth cone
advance, themean deflectionwas 1.075 0.09 mm. By contrast, the mean deflec-
tion was significantly lower (0.495 0.04 mm) when the growth cones did not
advance in response to the adhesion substrate. In summary, our results provide
novel insights into significance of substrate deformation as opposed to traction
force for the regulation of adhesion-mediated directional growth cone advance.
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Cutaneousmelanomacells secrete and assemble amyriad of extracellularmatrix
molecules into dense fibrillar and globular networks. We hypothesize that this
tumor biofilm is dynamic and protective in response to external insults. Using
quantitative proteomics,we identify the components and determine the temporal
evolution of the tumor biofilm. Fibronectin was found to be one of the key archi-
tectural components, regulating drug efficacy for a broad spectrum of therapies.
Stable cell lines engineered to secrete minimal levels of fibronectin in clonally
derived 3D tumor aggregates became sensitive to cisplatin and BRAF and
ERK inhibition. These cells failed to successfully form tumors in mice and re-
mained dormant under hypoxic conditions. To determine if the protective prop-
erties conferred by fibronectin biogenesis similarly affectmalignant cell survival
in newmicroenvironments duringmetastasis, we evaluated tissue tropism of our
stable cell lines in an intracardiac model of injection and correlated fibronectin
production with broader colonization of diverse tissues. This suggests that the
extracellular matrix proteins assembled by tumor cells are dynamically regu-
lated in response to physical and chemical properties of the surrounding tissue.
We reason that the architectural complexity conferred by integrating fibronectin
into the tumor biofilm provides the degree of plasticity and flexibility that allows
for better colonial adaptability and survival in response to microenvironmental
perturbations.1527-Pos Board B478
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Mechanical cues are increasingly recognized to play a crucial role in the regu-
lation of cellular fate and function. However, the underlying mechanisms of
cellular mechano-sensing still remain a topic of open debate. Traditionally, ad-
vancements in this field have been made using polymeric substrates of adjust-
able stiffness with immobilized linkers. Recently, we introduced an alternative
strategy, in which cells are plated on a laminin-functionalized, polymer-teth-
ered multi-bilayer stack of adjustable substrate stiffness.1-3 Here, we apply
the biomembrane-mimicking cell substrate design to explore the mechano-
sensitivity of C2C12 myoblasts in the presence of N-cadherin linkers. Experi-
ments are presented, which illustrate a relationship between the degree of
bilayer stacking and properties of plated cells, such as morphology, cytoskel-
etal organization, cellular traction forces, and migration speed. Furthermore,
we demonstrate the dynamic assembly of bilayer-bound N-cadherin linkers un-
derneath cellular adherens junctions. In addition, properties of individual and
clustered N-cadherins are examined in the polymer-tethered bilayer system
in the absence of plated cells.
On the basis of the biomembrane-mimicking cell substrate concept, we also
discuss recent results on a linker-functionalized single polymer-tethered bilayer
substrate with a lateral gradient in lipopolymer concentration (substrate visco-
elasticity). Specifically, we show that the lipopolymer gradient has a notable
impact on spreading, cytoskeletal organization, and motility of 3T3 fibroblasts.
Two cases are discussed: (1) polymer-tethered bilayers with a sharp boundary
between low and high lipopolymer concentration regions and (2) polymer-
tethered bilayers with a gradual gradient in lipopolymer concentration. Another
set of experiments demonstrates that substrates with lipopolymer gradient can
also be built using a polymer-tethered double bilayer system.
1. D. E. Minner et al. (2013) Soft Matter 9, 9643.
2. D. E. Minner et al. (2014) Soft Matter 10, 1189.
3. L. A. Lautscham et al. (2014) Biomaterials 35, 3198.
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Mechanical stimuli profoundly alter cell fate, yet the mechanisms underlying
mechanotransduction remain obscure due to a lack of methods for molecular
force imaging. In this presentation, I will describe the development of second
and third generation mechanophores (molecules that fluoresce upon experi-
encing force) for imaging molecular forces exerted by individual integrin
cell surface receptors. Specifically, we developed a new class of molecular ten-
sion probes that function as a switch to generate a 20-30-fold increase in fluo-
rescence upon experiencing a threshold piconewton force. The probes employ
immobilized DNA-hairpins with tunable force response thresholds, ligands,
and fluorescence reporters. Quantitative imaging reveals that integrin tension
is highly dynamic and increases with an increasing integrin density during
adhesion formation. Mixtures of fluorophore-encoded probes show integrin
mechanical preference for cyclized-RGD over linear-RGD peptides. Multi-
plexed probes with variable guanine-cytosine content within their hairpins
reveal integrin preference for the more stable probes at the leading tip of
growing adhesions near the cell edge. DNA-based tension probes are among
the most sensitive optical force reporters to date, overcoming the force and
spatial-resolution limitations of traction force microscopy. The application of
these sensors to image forces associated with a range of mechano-regulatory
processes that occur at the lipid membrane of the cell, such as endocytosis,
Notch receptor activation, and integrin adhesion receptors will be described
as well.
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Living cells are responsive to mechanical cues from their surroundings. A pri-
mary means by which cells sense and transmit mechanical force is through in-
tegrins, a class of heterodimeric, transmembrane proteins that physically link
